The ability to follow spoken instructions is important to everyday functioning but has seldom been studied in patients with schizophrenia (SZ). Recent evidence suggests that actionbased processing may facilitate the ability to follow instructions, which relies largely on working memory. In this study, we tested the hypothesis that SZ patients may also benefit from action-based advantages in following instructions. Fortyeight clinically stable SZ patients and 48 demographic-and IQ-matched controls completed a following spoken instruction span task involving varied encoding and recall conditions. While SZ patients were impaired in the overall performance of following spoken instructions, this deficit could be attributed to working memory impairment. More importantly, SZ patients showed action-based advantages both at the encoding and retrieval stage to the same extent as healthy controls. Specifically, both healthy controls and SZ patients showed improved memory performance when they additionally performed the actions, or watched the experimenter carrying out the actions compared with simply listening to spoken instructions during the encoding stage. During the retrieval stage, memory was improved when they recalled the instructions by physical enactment compared with oral repetition. The present study provides the first empirical evidence for the impairment in the ability to follow instructions in SZ. We have shown that involving action-based processing in the encoding and retrieval stage facilitated memory of instructions, indicating that the enactment advantage in working memory also applies to SZ patients. These findings provide useful insights for clinical interventions and cognitive remediation for SZ patients.
Introduction
One of the key cognitive deficits in patients with schizophrenia (SZ) is impairment in working memory, 1,2 the ability to maintain and manipulate information in the mind for a short period of time. 3, 4 However, most studies investigating working memory in SZ patients used predominantly verbal and visuospatial material, 2 and few studies have investigated action-based working memory in patients. The multi-component working memory model proposed by Baddeley consists of (1) a central executive system for supervisory attention control; (2) 2 key modality-specific subsystems (ie, the phonological loop and the visuospatial sketchpad) for temporary retention of information; and (3) a multi-modal episodic buffer for integration of information across varied (including senorimotor) information stores. 4 In everyday life, action-based working memory is important for learning skills. In fact, research in healthy adults suggests that the ability to follow instructions requires remembering a series of action steps in the correct sequence and is dependent on working memory. [5] [6] [7] The ability to follow instructions may be particularly important in SZ patients in everyday functioning and recovery, such as following doctors' or nurses' advices during rehabilitation, or accomplishing multi-step domestic chores at home or other complicated tasks at work. Impairments in this ability may lead to difficulty in meeting vocational and family demands, and seriously undermine functional independence.
To date, no study has investigated the ability to follow instructions in SZ patients. Interesting, recent studies have shown that action-based encoding can improve performance in following instructions in healthy adults, 5, 6, 8, 9 children, 7, 10, 11 and elderly people 12 as well as in clinical populations such as children with autism, 13 attentiondeficit/hyperactivity disorder (ADHD), 14 and people with early Alzheimer's disease. 12 During encoding, additionally performing the actions by oneself (subject-performed task [SPT] ) or watching an experimenter who performs the actions (experimenter-performed task [EPT] ) improves memory performance of simply listening to spoken instructions. 9, 11, 13 In fact, the SPT and EPT effect were first reported in studies investigating long-term memory, and numerous studies have shown that these effects are large and robust. 15 The SPT effect is considered largely automatic and nonstrategic, 16 with specific contribution from action planning 17 and the motor system during encoding. 18 In addition, the SPT effect may also emerge as a result of multi-modal encoding, 19, 20 the episodic integration of different action events, as well as the integration of self and environment. 21 Similar to the SPT effect, the EPT effect also benefits from multi-modal encoding and episodic integration. While SPT promotes direct motor encoding, EPT invokes visual-imaginal encoding that could be transformed into motor/action plans. Unlike SPT, EPT lacks the self-involvement component, which is believed to benefit encoding. The EPT effect is therefore often found to be smaller and less stable than the SPT effect. 17 During retrieval, physical enactment recall could lead to superior performance compared to verbal repetition of the instructions, 8 a phenomenon called enacted-recall advantage. 9, 11 Importantly, the enacted recall advantage is reduced in SPT condition, suggesting similarity between the enactment benefits at the encoding and retrieval stage. It has been proposed that these action-based benefits may be associated with additional coding of sensorimotor information, in terms of actively constructed action plans/internal representations of the intended actions, which are temporally maintained in a short-term motor store.
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In SZ patients, while no study has investigated actionbased benefits in working memory, 2 studies have examined the SPT and EPT benefit in long-term memory. 22, 23 Daprati et al 22 recruited a small sample (8 SZ patients and 8 controls), and asked the participants to either listen to the action phrases and watch video tapes of actions (baseline condition) or additionally perform the actions by themselves (SPT condition). Compared with controls, SZ patients were impaired in both baseline and SPT conditions and failed to show any SPT benefit. This surprising finding may be associated with the relatively small sample size of their study. In addition, inclusion of video presentation of actions in the baseline condition may have already improved memory performance, thus reducing the benefit from the SPT condition. Brodeur et al 23 recruited a relatively larger sample (40 SZ patients and 24 controls) and required the participants to read and memorize short sentences of simple actions in a standard verbal task (VT) condition, and SPT and EPT conditions. Memory for each action was then tested by an object cued-recall test by enactment, which was followed by a source memory test of recognizing the encoding condition of each action. In both tests, both groups exhibited the SPT and EPT effect. Interestingly, SPT enhanced SZ patients' performances to a comparable level as healthy controls in the cued-recall test, although SZ patients still exhibited a deficit in the SPT conditions on the source memory test. As the source memory test is believed to reflect episodic/contextual aspects of the SPT benefit while the cued-recall test is supposed to reflect the implicit sensorimotor enhancement of the benefit, these findings suggest that the SPT effect in SZ patients may be implicit and may originate from the motor system.
Taken together, substantial evidence has shown that action-based processing facilitates working memory and long-term memory in healthy people. Preliminary findings by Brodeur et al 23 indicate that SZ patients may exhibit SPT effect in long-term memory; however, whether such benefit is generalizable to working memory remains unclear. Secondly, enactment advantage in the recall stage has not been investigated in SZ patients. Finally, it is also not known whether SZ patients have impairment in following instructions.
In the present study, we aimed to address these research questions by investigating following instructions in SZ patients and manipulating the encoding and retrieval conditions. Specifically, 3 encoding conditions (VT, SPT, and EPT) and 2 recall conditions (verbal and enacted recall) were included in the present study. There were 2 hypotheses. First, given that the ability to follow instructions relies on working memory [5] [6] [7] and SZ patients usually are impaired in working memory, 1,2 we expected that SZ patients would exhibit deficit in the ability to follow instructions. Second, we expected to replicate action-based advantages in following instructions in healthy adults. However, whether SZ patients would also show equivalent action-based benefits as healthy controls remains an open question. On the one hand, SZ patients exhibit SPT effect in long-term memory 23 and preservation of procedural learning ability in motor tasks. 24 These findings, together with the automatic and non-strategic nature of action-based benefits in following instructions, 5, 6 would suggest that SZ patients may show action-based benefits in following instructions. On the other hand, SZ patients are impaired in action perception, 25 action planning, 26 action imagining 27 and action execution 28 ; these deficits may impede SZ patients' ability to acquire action-based advantages equivalent to healthy controls. It is therefore difficult to predict whether SZ patients would show similar action-based advantages as healthy controls.
Method

Participants
Forty-eight SZ patients were recruited from a psychiatric centre in Hong Kong. Psychiatric diagnosis was Following Instructions in Patients With Schizophrenia ascertained using the Structural Clinical Interview for DSM-IV Axis 1 Disorders (SCID-I). 29 All patients were clinically stable at the time of assessment. Forty-eight healthy individuals were recruited from the neighboring community as controls. They were assessed by experienced psychiatrists using structured interviews to ensure that none had any current or past history of Axis 1 DSM-IV psychiatric disorders. Inclusion criteria were (1) age 18-65 years, and (2) the ability to speak and understand Cantonese. Exclusion criteria included (1) organic brain disorder; (2) neuromuscular disorder; (3) visual or auditory disability; (4) mental retardation with an IQ score below 70; (5) active alcohol or substance abuse in the past 1 month, or history of alcohol or substance dependence in the past 6 months; (6) history of head injury; and (7) history of electroconvulsive therapy in the past 6 months. The demographics and treatment history of SZ participants were gathered from case records. Dosage of antipsychotics was converted to chlorpromazine equivalence (mg/d). 30 SZ participants' psychopathology was assessed using the Positive and Negative Syndrome Scale (PANSS) 31 by trained psychiatrists. All participants gave written informed consent. This study was approved by the Clinical & Research Ethics Committee of the New Territories West Cluster of the Hospital Authority of Hong Kong.
The Following Instruction Span Task
The Following Instruction Span Task was used to examine the effect of SPT, EPT and VT, and the enacted recall advantage. Details of the task have been described elsewhere. 8 In brief, the task required participants to remember and follow a series of action commands in a 3-dimensional space. There were 5 types of action phrases (touch, spin, push, drag, pick up… put it into…), 6 small objects (a blue ruler, a yellow ruler, a white eraser, a green eraser, a black pencil, and a red pencil), and 6 containers (a white basket, a yellow basket, a green folder, a blue folder, a red bag, and a black bag). An example of a 4-action sequence might be "pick up the white eraser, then put it into the yellow basket, and pull the black bag, and push the blue ruler". In each condition, there were 6 blocks of trials, and each block consisted of 6 instructions of the same number of actions. Each instruction in the first block contained 1 action, and the second block contained 2 actions, and so forth. All participants started with the first block and continued to the next block as long as they could correctly recall 4 out of 6 instruction sequences in a block. Spoken Cantonese instructions were recorded by a Native Chinese female speaker and presented to the participants. The durations of instructions increased with the length of the spans.
Before formal testing, participants were introduced to the task and had practice of naming and operating the objects. All participants could correctly understand the requirement of the tasks. Before each condition, participants were informed of the type of encoding condition and recall modality. In the VT condition, participants listened to the audio-taped instruction sequence only. In the SPT condition, participants were also required to perform the actions by themselves while concurrently listening to the audio-taped instruction sequence. In the EPT condition, participants observed the experimenter performing the actions while listening to the audio-taped instruction sequence at the same time. In all 3 conditions, the audio-taped instructions were played continuously, and participants' or experimenters' demonstration of actions sequences in the SPT and EPT conditions did not interrupt the audio-taped instructions. During the encoding stage, reading out the instructions aloud was forbidden in all 3 conditions, and in addition, no touching, or pantomiming was allowed in the VT and EPT conditions. One second after the end of the encoding phase, the experimenter would signal the participants to begin recall. In the verbal recall conditions, participants repeated the instruction sequences orally, and touching or pantomiming was forbidden. In the enacted recall conditions, participants enacted on the objects sequentially and orally repeating the instructions aloud was not allowed. The visual display of the 12 objects was provided throughout the experiment. The sequence of 6 conditions was counterbalanced across participants using the Latin square design.
All participants completed 6 conditions in counterbalanced orders. The 6 conditions were VT-verbal recall, VT-enacted recall, EPT-verbal recall, EPT-enacted recall, SPT-verbal recall, and SPT-enacted recall conditions. In each condition, participants' performance was measured by the action score, which was considered correct only when the action was recalled in the correct serial position and the content was correct (ie, combination of movement, color, shape). The total action score ranged from 0 to 126, with higher action scores indicating superior working memory performance. In addition, span score for each condition was calculated to provide an overall estimation of the maximum number of actions a participant can correctly remember. Each passed span included correct recall of at least 4 instructional sentences, and each span was assigned 1 point. Thus each correctly recalled instruction sentence was given a score of 0.25. The span score for each individual was the number of correct instruction sentences multiplied by 0.25, and ranged from 1 to 6.
The Letter-Number Span Task
The Letter-Number Span Task 32 was administered to all participants as an independent measure for working memory performance. Participants first listened to a series of alternative letters and numbers, and were then required to re-arrange the numbers and letters in successive order.
The number of items for each letter-number sequence ranged from 2 to 9. The task began with sequences with fewest items, and gradually progressed to sequences with more items, until participants failed to provide the correct response. The total number of correct response was recorded, which ranged from 0 to 32.
Statistical Analyses
Statistical analyses were carried out using the Statistical Package for the Social Sciences (SPSS) version 21.0 for Windows. T tests were conducted to compare the demographics of SZ participants and controls. The main effects of groups, encoding conditions and recall modality on the performances of following instructions (measured by action scores) were examined using a mixed ANOVA, with the encoding condition (SPT, EPT, and VT) and the recall modality (enacted-recall, verbal-recall) as the within-subject variables, and group (SZ patients, controls) as the between-subject variable. Post hoc comparisons with Bonferroni corrections were used to compare the performances in the SPT, EPT, and VT conditions. Additional ANOVAs and t tests were conducted to separate out any potential interactions and examine the simple effects.
Finally, the relationships between performance of auditory working memory (measured by Letter-Number Span Task) and performances of following instructions in SZ participants were examined using bivariate correlations with Bonferroni corrections. The effect of working memory impairments on the ability to follow instructions was further examined using subgroup analyses. Based on the mean and SD of the controls' performance in the Letter-Number Span Task, the standardized scores of the Letter-Number Span Task for each SZ participant were calculated. SZ participants were defined as having impaired working memory if their standardized score lied below 1 SD, below the controls' mean. All the remaining SZ participants who had better working memory than this impaired SZ subgroup were defined as having intact auditory working memory. ANOVAs and post hoc Hochberg pairwise comparisons with Bonferroni corrections were conducted to compare the performance in the Following Instruction Span Task between SZ participants with intact working memory, SZ participants with impaired working memory, and controls.
Results
Participants with SZ and controls did not differ in age, gender, handedness, years of education, and estimated IQ (Ps > .05, see table 1). All SZ participants were medicated and clinically stable at the time of assessments, as evidenced by their low PANSS scores. The demographic information, clinical ratings, and estimated IQ scores are shown in table 1. As expected, SZ patients performed significantly poorer than controls in the Letter-Number Span Task, indicating poorer auditory working memory performance.
Following Instructions in Both Groups
In order to provide an overview of the maximum number of actions in an instruction sentence that patients and controls could remember, the descriptive results of span score in each condition are displayed in table 2 for each group. The performances of the Following Instruction Span Task based on action scores in SZ patients and controls are presented in figure 1 . The data was analyzed using a 2 (group: SZ, controls) × 3 (encoding condition: VT, EPT, SPT) × 2 (recall modality: verbal, enacted recall) mixed ANOVA. There was a significant main effect of group, with SZ patients showing significantly worse performance than controls (F (1,94) = 18.08, Note: PANSS, the Positive and Negative Syndrome Scale; IQ, intelligence; LNS Task, the Letter-Number Span Task.
P < .001, η p 2 = .16). There was a significant main effect of encoding condition (F (2,94) = 129.06, P < .001, η p 2 = .58). The performance in the SPT condition was significantly better than in the EPT condition, which in turn was superior to the performance in the VT condition (Ps < .001). The main effect of recall modality was also significant, showing significantly worse performance in verbal than enacted recall (ie, enacted-recall advantage, F (2,94) = 53.70, P < .001, η p 2 = .36). There was no significant interaction between group and encoding condition (F (2,188) = 1.87, P = .157, η p 2 = .02), or between group and recall modality (F (1,94) = .90, P = .347, η p 2 < .01), or was there a 3-way interaction between group, encoding condition and recall modality (F (2,188) = 1.34, P = .265, η p 2 = .01). There was however a significant interaction between encoding condition and recall modality (F (2,188) = 53.70, P = .032, η p 2 = .04). Three follow-up 2 × 2 ANOVAs were conducted to clarify the interaction. The 2 (SPT-VT) × 2 (Recall modality) ANOVA indicated superior performance in the SPT compared with the VT condition (SPT effect, F (1,95) = 249.34, P < .001, η p 2 = .72), a significant enacted-recall advantage (F (1,95) = 29.52, P < .001, η p 2 = .34), and a significant interaction (F (1,95) = 6.25, P = .014, η p 2 = .06), showing as a larger SPT effect in the verbal recall compared with the enacted recall condition, and also a larger enacted-recall advantage in the VT compared with the SPT condition. The 2 (EPT-VT) × 2 (recall modality) ANOVA revealed superior performance in the EPT compared with the VT condition (EPT effect, F (1,95) = 98.49, P < .001, η p 2 = .51), a significant enacted-recall advantage (F (1,95) = 45.11, P < .001, η p 2 = .32), and a significant interaction (F (1,95) = 4.11, P = .045, η p 2 = .04), showing as a larger EPT effect in the verbal recall compared with the enacted recall condition, and also a larger enacted-recall advantage in the VT compared with the EPT condition. The 2 (SPT-EPT) × 2 (recall modality) ANOVA indicated superior performance in the SPT compared with the EPT condition (F (1,95) = 32.76, P < .001, η p 2 = .26), a significant enacted-recall advantage (F (1,95) = 27.66, P < .001, η p 2 = .23), but no interaction (F (1,47) = .48, P = .492, η p 2 < .01). Therefore, all action-based advantages reached statistical significance (P < .05, with Bonferroni corrections). The effect sizes in all participants and also each group are presented in table 3.
To estimate the degree of impairment of SZ patients' performances in different conditions, a series of t-tests were conducted and the effect sizes of the deficits were calculated and represented as Cohen 
Relationships Between the Performances of Following Instructions and Working Memory
Correlational analyses with Bonferroni corrections were conducted to examine the relationships between performance in the Following Instruction Span Task (action scores) and performance in the Letter-Number Span Task (correct response) in SZ patients and healthy controls. The results showed that working memory performance was significantly correlated with performances in all the 6 conditions of the Following Instruction Span Task in healthy controls (VT-verbal recall, r (48) = .384, P = .007; VT-enacted recall, r (48) = .606, P < .001; EPT-verbal recall, r (48) = .469, P = .001; EPT-enacted recall, r (48) = .644, P < .001; SPT-verbal recall, r (48) = .516, P = .001; SPTenacted recall, r (48) = .522, P < .001) and SZ patients (VT-verbal recall, r (48) = .709, P < .001; VT-enacted recall, r (48) = .544, P < .001; EPT-verbal recall, r (48) = .574, P < .001; EPT-enacted recall, r (48) = .572, P < .001; SPTverbal recall, r (48) = .456, P = .001; SPT-enacted recall, r (48) = .574, P < .001). When age was controlled for using partial correlational analyses, all the correlations between the ability to follow instructions and auditory working memory remained significant. These findings lent support to the notion that the ability to follow instructions is dependent on working memory in healthy controls, 5, 6 and extended the findings to SZ patients.
The effect of working memory impairments on the ability to follow instructions was parsed out using a subgroup (n = 29) of SZ participants who had relatively intact working memory performance. Figure 2 shows the action scores of the Following Instruction Span Task in the 2 subgroups of SZ participants and controls. Although the 3 groups differed significantly in all the 6 conditions of the task (VT-enacted recall, P = .002; other conditions, P < .001), post hoc comparison with Bonferroni corrections found that such group difference was contributed entirely by the poorer ability to follow instructions in SZ participants with impaired working memory compared with controls (VT-enacted recall, P = .002; the other 5 conditions, Ps < .001). In fact, the performance of SZ participants with relatively intact working memory (n = 19) was comparable to controls in all 6 conditions of the task (VT-verbal recall, P > .999; VT-enacted recall, P > .999; EPT-verbal Note: VT, verbal task; EPT, experimenter-performed task; SPT, subject-performed task. recall, P = .444; EPT-enacted recall, P = .624; SPTverbal recall, P = .408; SPT-enacted recall, P = .654).
Discussion
The present study is the first empirical investigation on the ability to follow instructions in SZ patients. More importantly, the potential benefits of enactment in the encoding and retrieval stage on following instructions have also been explored. The relationship between the ability to follow instructions and working memory was also examined. Our findings indicate that SZ patients were impaired in the ability to follow instructions, and this deficit was mainly attributable to working memory impairment. However, SZ patients appeared to benefit equally well from enactment during both the encoding and the retrieval stage, despite the substantial impairment in working memory. Action-based benefit appeared to be a preserved area of functioning in SZ patients, and may have potential utility in cognitive remediation. As expected, SZ patients were impaired in the ability to follow action commands. Following instruction is a complex cognitive process that relies on multiple working memory systems, such as the phonological loop, the visuospatial sketchpad and the central executive components. [4] [5] [6] As SZ patients have deficits in all these systems of working memory, 1,2 they are also likely to encounter difficulty in a complex paradigm which measures the ability to follow instructions. In fact, our empirical findings that (1) the ability to follow instructions was positively correlated with performance in an independent working memory measure, and (2) SZ patients without working memory impairments followed action commands as good as healthy individuals; further support that working memory is pivotal in the ability to follow instructions. On the other hand, this study provides empirical evidence that SZ patients are impaired in following instructions, suggesting that patients may have difficulty in learning new skills, cooperating with others during work, and completing chores that involve multiple steps in daily life. Notably, SZ patients were impaired in all conditions of following instructions, even when additional enactment benefits were presented during the encoding and retrieval stage. While controls could remember an average of 3.6 to 4.6 actions per instruction, SZ patients could only remember around 3.0 to 4.1 actions per instructions. Clinicians and family members should be informed of SZ patients' potential difficulty in memorizing instructions, and should therefore provide more concise and shorter instructions to SZ patients. Our findings also provide a preliminary "benchmark" regarding the number of actions that SZ patients could correctly memorize.
Consistent with previous studies of following instructions, 8, 9 healthy adults showed significant benefits of enactment during the encoding and retrieval stage. More importantly, SZ patients demonstrated similar action-based benefits despite impairment in the ability to follow instructions. Among the various action-based benefits, the SPT effect was the largest. The large SPT effect in SZ patients is consistent with previous findings of SPT effect on longterm memory of actions, 23 extending the SPT effect to working memory in SZ patients. Given that SZ patients are impaired in both working memory 1,2 and action planning, 26 and action planning is believed to depend on working memory, [33] [34] [35] it is less likely that the SPT effect emerges as a result of action planning. On the other hand, SPT promotes motor encoding, which is more likely to be the main cause of the SPT effect in SZ patients. Our finding suggests that this additional motor encoding when following instructions is unaffected by SZ patients' impairment in working memory, and that motor encoding appears to be automatic for SZ patients as in healthy adults. 9 Although SZ is often characterized as a fronto-striatal disorder, 36 and basal ganglia dysfunctions may also disrupt motor encoding when following instructions, empirical evidence from procedural learning 24 suggests that acquisition of motor skills is unimpaired in SZ patients, a finding which is apparently consistent with our results.
There are discrepancies between the SPT effect in working memory and that in long-term memory. In Brodeur et al.'s study, 23 SZ patients showed a larger SPT effect compared with controls; and in fact, SZ patients had similar level of performance as controls in the SPT condition. In the present study, similar effect sizes of the SPT effect were observed in SZ patients and controls, but SZ patients still exhibited poorer memory performance in the SPT condition. Unlike long-term memory for actions, following instructions requires retention of "order information" of action sequences. While SPT improves item-specific memory for each action, it impairs order information. 37 Thus, the SPT effect may not facilitate SZ patients' working memory to the same extent as it does for long-term memory.
Besides the SPT effect, SZ patients and healthy individuals also showed a similar EPT effect, suggesting that SZ patients could also benefit from perception of others' actions. While the EPT effect has been observed in following instructions in children with autism, 13 as well as in long-term memory in SZ patients, 23 our findings provide novel evidence for the EPT effect in working memory in both SZ patients and healthy adults. Like the SPT effect, EPT exerts its benefit through multi-modal encoding and episodic integration. EPT also provides additional visual-imaginal encoding that could support working memory. 17 Furthermore, observing other's actions automatically activates resonance in the motor system that could facilitate formation of action plans. 38 Similar to the case in long-term memory, the EPT effect was smaller than the SPT effect. 17 The additional benefit from the SPT effect may reflect increased self-involvement and the advantage of direct motor encoding in SPT over visual-imaginal encoding in EPT. The fact that SZ patients also showed this SPT-EPT benefit as healthy controls indicates that motor encoding and self-involvement when following instructions may be intact in SZ patients.
Enactment during the retrieval stage was also beneficial in SZ patients in this study. Both SZ patients and healthy individuals showed similar advantages in recalling actions by physical enactment than by oral repetitions, replicating previous findings in healthy populations 8, 9, 11 and children with ADHD, 14 providing the first empirical evidence in SZ patients. While active action planning during encoding could result in enacted-recall advantage, it is plausible that enactedrecall conditions may be associated with faster initiation to execute action commands and shorter duration to accomplish the retrieval stage, and efficient action execution as such may contribute to the enacted-recall advantage. Intriguingly, SZ patients were impaired in action planning, imagining and execution stage, 26-28 but they still exhibited a similar effect size in enacted-recall advantage as healthy adults. One possible explanation is that SZ patients are not entirely impaired in these action-based processing and are still able to construct an action representation superior to verbal representation. This robust action representation could then be maintained in a motor short-term store, which may be less impaired, given the presence of a strong SPT effect in SZ patients. As SZ patients are severely impaired in verbal working memory, 1,2 their ability to retain the verbal representation is likely to be weakened. The robust action representation in contrast to a weak verbal representation thus results in enacted-recall advantage in SZ patients. This inference is supported by a trend of larger effect size of impairment in VT-verbal recall than VT-enacted recall condition in SZ patients in our study. This also brings an interesting theoretical question whether temporal motor store may be a rare exception to the generalized impairments in central executive function in SZ patients, 39, 40 a phenomenon that also has important clinical implications.
Interestingly, action-based advantages in the encoding and retrieval stage interacted with each other. For instance, SPT and EPT benefit in verbal recall were reduced in the enacted recall conditions, suggesting similar mechanisms underlying the enactment benefit in the encoding and retrieval stage. For verbal recall conditions, SPT provides additional sensorimotor encoding and benefit of action planning, and EPT provides additional visual-imaginal encoding via action perception. In enacted recall conditions, action planning is involved, which shares a common representation domain with action perception. 41 This finding is consistent with recent SPT findings in following instructions in healthy adults 9 and in children. 11 For SZ patients, these findings further suggest that including additional action-based/motor encoding at either the encoding or the retrieval stage may facilitate memory performance, especially when verbal-based encoding or retrieval is involved.
This study has several limitations. First, we only evaluated the accuracy of performance in the Following Instruction Span Task, but did not measure participants' reaction time. However, reaction time reflects how well participants are prepared to initiate retrieval, and how quickly they could execute action commands, both reflecting the efficiency of cognitive processing rather than accuracy. Secondly, all SZ participants in this study were medicated, and dopamine antagonists may disrupt basal ganglia and temporal motor store. Lastly, extrapyramidal side effects and motor slowness might have confounded SCZ participants' performances in the SPT and enacted-call conditions.
Taken together, the findings of SPT, EPT and enacted-recall advantages indicate that including additional action-based processing in either the encoding or retrieval stage could facilitate memory performance. Importantly, SZ patients were also able to benefit from these action-based processing, similar to healthy individuals. The advantage of implicit motor encoding and visual imaginal encoding during working memory processing represents an important area of preservation of functioning in SZ patients. Cognitive remediation therapy is a rapidly-growing field in the management of SZ patients, and currently focuses on automatization of information processing through techniques such as errorless learning, self-monitoring, scaffolding, and adoption of alternative learning (eg, chunking). 42 In fact, SPT and EPT could be potential alternative mode of learning to enhance working memory in cognitive remediation therapy. Besides laboratory-based training, useful remedies for the difficulties in following action commands could be provided by clinicians during their daily encounters with SZ patients. In addition to spoken instructions, carers and family members could encourage SZ patients to perform the actions, or they might consider demonstrating the actions to SZ patients. These strategies could improve SZ patients' ability to maintain the instructions in memory and recall them correctly. Moreover, compared with oral repetitions, asking SZ patients to be prepared for future enactment may also help boost their memory performance. To conclude, our findings provide additional information on the understanding of the nature of working memory, and suggest plausible strategies to alleviate working memory impairments in SZ patients. Translating our findings to clinical practice may help to improve the functional outcome of patients with SZ. 
